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a b s t r a c t 
Objectives: Bacillus toyonensis is widespread in nature. Multidrug-resistant B. toyonensis strain 4HC1 was 
isolated from polyethylene submerged in the water column near a beach in Øygarden, Norway. We anal- 
ysed the whole genome sequence of strain 4HC1 in order to understand the genetic basis of the observed 
phenotypic antibiotic resistance. 
Methods: Whole-genome sequencing of B. toyonensis strain 4HC1 was performed on Illumina MiSeq plat- 
form using 2 × 300 bp chemistry. The genome sequence was assembled using SPAdes v.3.13.0 and was 
annotated using the NCBI Prokaryotic Genome Annotation Pipeline (PGAP). 
Results: The draft genome of strain 4HC1 is 6 156 259 bp (133 contigs) in size with a GC content of 
34.95%. The genome comprises 6089 protein-coding genes, 86 tRNAs and 24 rRNAs. Strain 4HC1 is re- 
sistant to cefotaxime, trimethoprim and ampicillin and carries various antibiotic resistance genes (ARGs), 
including several β-lactamases, aminoglycoside 6-adenylyltransferase, a TetM family tetracycline resis- 
tance gene, two different tetracycline efflux pumps, and a bleomycin resistance gene. Several virulence 
genes including genes involved in immune evasion, iron acquisition and toxins were also detected in 
strain 4HC1. 
Conclusion: The draft genome sequence of B. toyonensis strain 4HC1 released here shows the presence of 
various ARGs and virulence genes in a multidrug-resistant strain isolated from marine plastic. 
© 2021 Published by Elsevier Ltd on behalf of International Society for Antimicrobial Chemotherapy. 
This is an open access article under the CC BY-NC-ND license 































Plastic use and associated plastic pollution have become a 
lobal problem, especially in the marine environment [ 1 , 2 ]. Re- 
ently, the toxic effects of plastics on aquatic life have been ex- 
ensively reported [2] . Plastics in the marine environment provide 
 surface for attachment of bacteria and the formation of biofilms. 
arine plastics can thus function as a vector for transport of mi- 
robes in marine environments [ 1 , 3 ]. Hence, studying the micro- 
iota associated with marine plastics is important for understand- 
ng the secondary effects of plastic pollution. The aim of this study 
as to perform genomic characterisation of multidrug-resistant 
acillus toyonensis strain 4HC1 isolated from marine plastic in or- 
er to understand the resistome and to provide insights into the 
otal metabolic potential of this strain . ∗ Corresponding author. 






213-7165/© 2021 Published by Elsevier Ltd on behalf of International Society for Antimic
icense ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) . Materials and methods 
Strain 4HC1 was isolated from plastic-associated biofilms ob- 
ained from marine plastic/polyethylene submerged in the wa- 
er column near a beach (60 °29 ’ 54.5 " N 4 °54 ’ 52.6 " E) in Øygar-
en, Norway, collected on 26 August 2019. The methods used in 
his paper have been described previously [1] . Briefly, serial di- 
utions of suspensions were made from the biofilms and were 
pread onto Mueller–Hinton agar plates containing 10 μg/mL ce- 
otaxime and incubated aerobically at 25 °C for 48 h. The strain 
as identified using a Bruker MALDI Biotyper at the Institute 
f Marine Research (Bergen, Norway). Minimum inhibitory con- 
entrations (MICs) were determined for freshly grown culture (at 
0 °C) using Etest® strips (bioMérieux, Paris, France) for cefo- 
axime, tetracycline, ciprofloxacin, ampicillin, meropenem, strepto- 
ycin, trimethoprim, gentamicin, imipenem and chloramphenicol, 
hereas the broth dilution method was used for vancomycin. Ge- 
omic DNA was extracted from freshly grown culture, grown aer- 
bically overnight at 30 °C, using a QlAamp® Fast DNA Stool Mini robial Chemotherapy. This is an open access article under the CC BY-NC-ND 
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Fig. 1. Circular genome map of Bacillus toyonensis strain 4HC1 (GenBank accession no. JADDKN0 0 0 0 0 0 0 0 0 ). The map was created using CGView software ( http://wishart. 










































it (QIAGEN, Hilden, Germany) according to the manufacturer’s in- 
tructions. Extracted genomic DNA was quantified using NanoDrop 
nd Qubit TM dsDNA BR Assay Kit (Thermo Scientific, Waltham, MA, 
SA) and was sent for sequencing to the Norwegian Sequencing 
entre (Oslo University Hospital, Ullevål, Oslo, Norway) at 4 °C. Se- 
uencing libraries were prepared using a SWIFT 2S Turbo DNA Li- 
rary Kit (Swift Biosciences, Ann Arbor, MI, USA). Sequencing was 
erformed using an Illumina MiSeq platform (Illumina Inc., San 
iego, CA, USA) with 2 × 300 bp chemistry. Adapters were re- 
oved from the raw reads, followed by quality trimming using BB- 
uk v.38.75. Sequences were assembled using SPAdes v.3.13.0 [4] . 
he National Center for Biotechnology Information (NCBI) Prokary- 
tic Genome Annotation Pipeline (PGAP) was used for genome an- 
otation. Antibiotic resistance genes (ARGs) were screened using 
esFinder v.3.2 and CARD v.3.0.7 databases. Virulence genes were 
dentified using VFanalyzer and Virulence Factor Database (VFDB). 
lasmidFinder v.2.0 was used for identification of plasmids. 
. Results and discussion 
The draft genome of strain 4HC1 comprises 133 contigs ( > 500 
p) with a total sequence length of 6 156 259 bp (largest con- 
ig, 609 862 bp) and a GC content of 34.95%. The genome con- 250 ains 6089 protein-coding genes, 86 tRNAs and 24 rRNAs. Sequenc- 
ng coverage was approximately 121-fold and the N 50 value was 
32 291 bp. The circular genome map of this strain is presented in 
ig. 1 . 
Strain 4HC1 was identified as Bacillus cereus by Bruker 
ALDI Biotyper. The average nucleotide identity based on BLAST 
ANIb), calculated using JSpeciesWS ( http://jspecies.ribohost.com/ 
speciesws/ ), confirmed that this strain belonged to B. toyonen- 
is (ANIb value, 98.3%) and not B. cereus (ANIb value, 90.6%) 
sing cut-off values > 95% as suggested by Chun and Rainey 
5] . MICs suggested that strain 4HC1 was susceptible to tetra- 
ycline (0.25 μg/mL), ciprofloxacin (0.125 μg/mL), meropenem 
0.064 μg/mL), streptomycin (1 μg/mL), gentamicin (0.38 μg/mL), 
mipenem (0.094 μg/mL), chloramphenicol (1.5 μg/mL) and van- 
omycin ( < 1 μg/mL) but was resistant to cefotaxime ( > 32 μg/mL), 
rimethoprim ( > 32 μg/mL) and ampicillin ( > 256 μg/mL). 
The strain carries several ARGs, including two class A β- 
actamases ( bla and bla1 ) and a BcII family subclass B1 metallo- β- 
actamase ( bla2 ) sharing 100% homology (amino acid) with ARGs 
etected in B. toyonensis type strain BCT-7112 T (Supplementary Ta- 
le 1) . These β-lactamases have also been detected in other Bacil- 
us spp. belonging to the B. cereus group [6] . We further iden- 
ified aminoglycoside 6-adenylyltransferase, tetracycline resistance 


































































[  ene tet (M), two different tetracycline efflux pumps, bacitracin re- 
istance undecaprenyl-diphosphatase and two bleomycin resistance 
enes. The strain also carried two different copies of dihydrofolate 
eductases, thus explaining its resistance to trimethoprim. Strain 
HC1 showed the presence of two rep3 plasmid replicons with 
6.7% and 81.2% nucleotide identity, respectively, to the known 
eplicons. 
Virulence genes involved in immune evasion, iron acquisition, 
egulation and toxins were identified in strain 4HC1 (Supplemen- 
ary Table 2). VFanalyzer suggested the presence of the pagA gene, 
hich is one of three genes required for the formation of the an- 
hrax toxin found in Bacillus anthracis [7] . On further analysis, this 
utative PagA protein (identified as hypothetical protein, locus tag- 
NP75_25825) was 46.2% identical to PagA from B. anthracis (ac- 
ession no. QHD25216 ). The PagA protein and the putative PagA 
rotein from strain 4HC1 both shared the same four functional do- 
ains (pfam17475, pfam17476, pfam03495 and pfam07691), sug- 
esting that the protein present in strain 4HC1 may represent 
 potentially new variant of the PagA toxin . This putative pagA 
ene was located on contig 26 between positions 51 431–53 905 
p and was flanked by another hypothetical protein (locus tag- 
NP75_25820) that has a functional domain for N -terminal pro- 
ective antigen-binding domain of anthrax toxin lethal factor and 
dema factor and a recombinase family protein. The two hypothet- 
cal proteins were flanked by a truncated IS 4 family transposase 
nd a truncated IS 6 family transposase on one side and a recombi- 
ase family protein on the other, suggesting that these are a part of 
 transposon and thus may be mobile. Comparative genome analy- 
is showed that this putative pagA gene was absent in the whole- 
enome sequencing of B. toyonensis type strain BCT-7112 T (acces- 
ion no. CP006863 ). Although virulence genes were detected in 
his study, their expression is not guaranteed. Further studies are 
herefore needed to confirm the functionality of these genes. 
. Conclusion 
Here we report the draft genome sequence of multidrug- 
esistant B. toyonensis strain 4HC1 isolated from marine plastic col- 
ected from Norway. We show the presence of several ARGs as well 
s some clinically important virulence genes. This genome may 
erve as a reference while studying the genome sequences of ma- 
ine plastic-associated bacteria. 
ucleotide sequence accession no 
The draft genome sequence of B. toyonensis 4HC1 has 
een deposited in DDBJ/ENA/GenBank under the accession no. 
ADDKN0 0 0 0 0 0 0 0 0 . 251 cknowledgments 
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